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[57] ABSTRACT 

A head suspension for supporting a read/write head adjacent 
a data stor^e device has a monocoque construction pro- 
duced by overk^ping lanunae having mutually opposed 
surfaces, with at least one of the surfaces having a cavity 
etched therein. The monocoque construction of the head 
suspension constructed according to a method of the inv^- 
tion results in rediiced mass of the head suq>eiision and 
increased rigidity and stifihess. 

9 Claimsy 6 Drawing Sheets 
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MONOCOQUE HEAD SUSPENSION AND ITS off-trade crrar. The increased density of data on each track 

METHOD OF CONSTRUCTION requires that the read/write head fly doser to the disk. As the 

transducer head is moved closer to tiie surface of the rotating 
TTiis appUcation is a divisional appUcation of Scr. No. disk, it creates anincre^d danger of ^e transduce: head 
08^5,831 filed Dec. 31. 1996. now U.S. PaL No. 5J34. 5 contacting the surface of the disk, resultoig in the friction 

created by the rotating disk contacting the head damagmg 
the surface of the disk, and potentially effecting the data 
BACKGROUND OF TtiE INVENTION stmd on the disk as well as potentiaUy damaging the head 

(1) Field of the Invention ^^f^] . ^ - u a 

• * ^ €r^ 10 It IS a ccMnpLcated problem to design a head suspension 

Hie present invention p^s to a h^d suspension for that can cantitever a transducer head ftom an actiiator ann at 

aipporung ai^wnteheadacftacentarotatingdatas^^^^ a substiintially constant position idative to a rotating disk 

d^ice, and in particular to a monocoque head suspension with theie bcinV an extremely smaU clearance 

and its method of construction. the head and the rotating disk surface, with the 

(2) Descnption of the Related Art clearance sometimes being only 0.1 micrometers (a human 
Most peisonal computer systems today emiploy direct jgo micrometers tfaidc). Tbe surface of a data storage 

access storage devices (DASD) or rigid &sk drives for data jg perfectly flat When rotating in the disk drive, tiie 

storage. A conventional di^ drive contains a spindle that is contous of the disk surface cxeale disruptions in the air 

rotated by an electric motor at several thousand revolutions stream created above the rotating disk surface on which the 

per minute (RPM) while the <fisk drive is tunsed on. A 20 transducer head glides or flies. When the head is flying over 

plurality of magnetically coated recording disks are mounted ^ single track of the disk to access infazmation on that track, 

on die spindle for rotation therewith at axiaOy q>aced ^ pzedetennined slidar attitude relative to 

positions along the spindle. The number of the dasks and tiie disk's oontouis. With the disk rotating at a constant 

con^sition of their magnetic mateiial coating determines speed, the sutfoce velocity of the disk and tiie velodty of the 

the data storage capacity of tiie di^ drive. 25 air stream created by its rotation increases as the uransducer 

Portioned adjacent the peripheries of the rotating disk is head supported by tiie head suspension is moved from tfie 

a head actuator column. The head acmator column has a center of tiie disk toward the disk periphery. As the head 

plurality of actuator arms thereon, and each actuator aim suspension moves die transducer head between the center 

supports one or more head suspensions that extend in and periphery of the rotating disk, it must have sufEdent 

cantilever fashion from the actuator aim to distal ends of the 30 rig^ty to resist changes in tiie lift forces created by the 

head suspensions. Dynamic storage devices, for example changes in the velocity of tiie rotating disk air stream and by 

optical or magnetic read/write heads are supported on sliders the differences in the surface contours of the disk to hold the 

at the distal ends of each of the head suspensions. Ibe head at a desired dearance over the surface of the rotating 

plurality of actuator arms and their associated head suspen- disk. 

sion support the read/write heads adjacent tiie top and 35 in addition to the varying lift forces exerted on the head 

bottom surfaces of each of the plurality of disks supported suspension, the head suspension is also subjected to extreme 

by the spindle. stresses as the acmator arm moves the head suspension and 

There are basically two types of head actuators, rotary and its supported transducer head quickly from one concentric 
linear actuators. The rotary actuator moves its head suspen- track of data to another. The head suspen^on must be 
sions and their si^ported read/write heads across the stir- 40 sufiG.cientiy rigid to withstand the stresses caused by tiiis 
faces of the rotating disks in an arc, whoc the linear actuator rapid movement without deflecting appredably. The bead 
moves the head suspensions and their associated read/write suspension must also resist vibration after its rapid move- 
heads across the surfaces of the rotating disks linearly. In ment which coiild cause the transducer head to miss or 
botii types of actuators, the read/write heads sui^orted on overshoot the intended track of data among the densely 
the slideis at the distal ends of each of the head suspen^ons 45 arranged concentric tracks. Also, while being moved, the 
slide in unison on a cushion of flowing air (or flowing liquid head suspen^on must not twist due to torque exerted on tiie • 
in some systems) across the surfaces of the drivers rotating suspension. This can cause one edge of the slider to be 
disks. Tbe read/write heads store data received from the disk portioned closer to the rotating disk surfEK^e than an oppo- 
drive*s controller on a selected track of a disk by aligning site e^e of tbe slider resulting in off-track error or the head 
magnetic particles on the disk surface. The read/write heads so missing the desired track of data to be accessed among tiie 
retrieve data from a particular trade of the disk by detecting densely arranged tracks. Also, an increased number of tracks 
the polarities of the magnetic particles tiiat have already on tiie disk increases the potential for lateral off-track error 
been aligned on the disk track. if torsional twisting of the head suspension reaches its 

Continuous inqnovements made to disk drives have torsional resonance frequency In operation, forces exerted 

resulted in an increase in tbe storage capacity of the disk and 55 on a head suspension will cause it to twist in torsion about 

an increase in tbe speed of the drive in storing and retrieving the center longitudinal axis of the load beam. Tbe twisting 

data from the disk. As one example, tbe storage capacity of causes the slider and readAvrite head supported by the load 

the disk has been increased by increasing the nnmber of beam to swing or pivot through a curve laterally from side 

concentric tracks on the surfaces of the dislc Where the size to side. Depending on bow far the read/write head is spaced 

of tbe disk is limited, increasing the storage capacity of a 60 fiom the center axis of the load beam, the swinging motion 

disk results in increasing the density of the tracks on ttie of the slider is more pronounced and the gain of the torsional 

surface of the disk as well as increasirig the density of frequency is increased. Tliis side to side motion can cause 

infonnation stored on eacb trade The increased data density the readAviito head attadied to tiie slider to swing or pivot 

on the disk penxuts incceased datastorage while maintaining off tiie disk track it is desired to access, resulting in a lateral 

and possibly reducing the size of the disk. However, the 65 off-tracking enor..To combat this problem requires increas- 

incieased den^ty of tracks on the disk requires that the ing the tarsional stifiness of the head suspension witiiout 

read/write bead be more dosely controlled to prevent lateral appredably increasiug the mass ci the head suspenrion, 
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thereby increasiaig the head suspension's tocsicHial leso- the rotating surface of a disk in a disk drive from ao actuator 

nance frequency. aim of the disk drive, and the method of constructing die 

Competing with the need for rigidity in the head suspen- head snspension. The head suspension is disclosed in variant 
sion is the need to give the head suspension as low a mass embodiments, all having a moiKx^oque construction. The 
as possible to reduce inerdal momentum of the assembly 5 monoooque construction piovides the head suspension with 
created by its rapid positioning movem^ts. A large mass increased rigidity and stifhess along tiie intermediate Ion- 
can detrimentally affect the quick movement of the bead gitudinal length of tiie assembly where it is most needed to 
suspension and can create overshoot of a head suspension. resist torsional twisting, while still providing resiliency at its 

It is also a practical consideration that the bead suspension proximal end where it attaches to the actuator arm and a 

construction facilitate the placement of electrical conductors ]o ginaballing region at its distal end where it supports the 

carrying the electrical signals to and from die transducer transducer head adjacent the rotating disk. The monocoque 

head. It is desirable that the head 8uq>^ision pomit diese construction piovides the increased rigidity and stif&iess 

conductors to be attached to the assembly in a manner that without appreciably increasing die mass of the head suspen- 

reduces their movement and vibration as the head suqpen- sion oar its overall ifaidmess. The omstruction also leqniies 

sion is moved, whidi can cause fluctuating input and output a minimal amount of manufacturing steps reducing the 

MDP«*anccs, expense of manufacturing, and pvovides flat unintmiptad 

Applying a known principle diat the stif&iess of a head surfaces between the head suspension distal end and its 

suspension increases in proportion to die third power of its spring region fedHtating die placement of electrical oon- 

thickness, common methods for increasing the rigidity of a ductors across die surfaces. 

hc^ suspensi^have included bonding addition^ lay^ of ^ embodiment of the head suspension inchides a load 

stififemng matenals to areas of die load beam of the head ^0 ^ v""»*ty'juuii^ii4. wi uw unai »tu^iw»AMi uih.uiuc» « luw 

suspension where rigidity is required, or forming bent side. ^ ^^^f 

walls or rails that extend longitudinaUy along the opposite PW^unal md distal ends. Adjacent tiie load beam proximal 
lateral edges of the head suspension load beam where end, a portion of die load beam is configured fwattachnKm 
additional rigidity is needed. The drawback of each of these ^ ^ actuator amu as is ccmventionaL A spring i^ion is 
prior art methods is that they result in adding significandy to 25 fonned adjacent to this proximal p«tion of die load beam, 
die overall mass of the head suspension. Th« ^^m has opposite interior and exterior surfaces 
The deshe to mcrease die rigidity of head suspensions extending longitudinally from tiie qjring region to its (fistal 
widiout appreciably increasing dieir mass has resulted in die end. One ra: more cavities is etched into die dudmess of die 
box beam design of head suspenaons such as diat disclosed '^^^ interior surface. A flexure is secured to 
in copending application Ser. No. 08/723^10, filed Sep. 30, 30 ^ beam interior suifecc overlying and «iclosii^ die 
1996, which is a continuation of application Scr. No. 08/21 6, interior volume of die cavity. The flexure has opposite 
494, filed Mar. 22, 1994, now abandoned, die former of pioximal and distal ends witti die proximal end of die flexure 
whidi is assigned to die assignee of record and inc«porated positioned adjacent die load beam spring region and 
herein by reference. In tiiis type of box beam design die load end of die flexure having a gimbal design provided 
beam is layered widi a stiflener where die stiflfener has an 35 adjacent diereto. The gimbal si^poits a slider diat in turn 
interior area between opposite lateral flanges of die stiffener, supports a transchicer head. The load beam and the flexure 
die interior area having beai stamped to displace die area ^. two laminae of a laminate construction of die head 
relative to die opposite lateral flanges or to give die interior suspension that produces a monocoque structure. The mate- 
area a concave sh^. When die stiffener is attached to die rial etched from die load beam intoior surface producing die 
load beam along its opposite lateral flanges, a box section or 40 monoooque constraction of die head suspension reduces die 
interim chamber is interposed between die load beam and of (b& assembly while die monocoque construction 
stiffener. In a variation of diis construction, the load beam provides die assembly wifli increased torsional rigidity and 
itself is stamped forming it with an interior area diat is stiffiiess. 

displaced from opposite lateral flanges of the load beam. ^ ^ farther embodiment, die load beam is constructed of 

Connecting a flexure to die load beam along its opposite 45 a sheet of stamless steel that is dunner than diat employed 

lateral flanges forms die box section or interior diambeL ^ constructing the load beam of the previous embodiment 

However, these methods of manufacturing liead suspensions enables a gimhaTKn g r^ion to be provided adjacoit the 

are disadvantaged in that they require welding the load beam distal eiid <^ the load beam. To achieve die needed stiffiiess 

to a stiffener or flexure along die q>po^te lateral edges rigidi^ in die h^ suspension along the longitudinal 

outside die stamped areas of the load beam or stiffener. This 50 lengdi of the load beam from its spring region to its distal 

requires extra material to provide the flanges for die welds ^ separate stiffener is attached to the interior surface of 

(and its associated mass) to be added to the head suspension ^ beam. The stiffener is formed with opposite interior 

and located at a large distance from the longitudinal axis of exterior surfaces, and with one or more cavities etched 

the load beam. This extra material and its mass adds very thickness of the stiffener from its interior surface, 

litfle additional torsional stiffness to the head suspension 55 Attachment of the stiffener interior surfeoe to the load beam 

because it is flat, but contributes significantly to die longi- interior surface encloses die volumes of the cavities within 

Cudinal polar moment of inertia. These effects combine to ^® heod su^nsicHi formed. The material etched from the 

lower die twsional resonance frequency of a head suspen- cavities in die stiffener reduces the overall mass of die head 

sion manufactured m this manner. suspension, and the monocoque structure of the assembly 

It is dieiefiHe desirable , to design a head suspension ^ P«»^es it widi its needed torsional rigidity and stiffness, 

constructed in a manner that increases its ti?rrionaI stifhess In a still further embodiment of the head suspension, diis 

widiout appreciably increasing its mass, thereby increasing described embodiment is provided with cavities fcomed 

the torsional resonance frequency of the head suspension. ^ interior surfoce of the load beam that oppose the 

oTTx«#Anv^T7rnrTT. rxT^TT-xT^^vT cavities formed into die interior surface of the stiffens, 
SUMMARY OF THE INVENTION . ^ dierebyfurtiier reducing die mass of die head suspension. In 

The present invention is directed to ahead su^ension diat addition, the opposite' lateral edges of the beam and the 

cantilevers a read/write magnetic transducer head adjacent . stiffener along die inteimediate length of die head suspen- 
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sion between the spring region and gimbal region are given suspensions results in a stiflfer and lighter head su^ension 
carved edges. This furttier increases the shock and torsional witi) higher shock and torsional resonance perfonnance than 
resonance perfonnance of &e monocoque structure head currently available in prior art head su5)ensionconstruchons 
. *^ of the same mass. The constractton of the monocoque bead 

^ ^ * *u t .1 s suspension of the invention according to the method of the 

In each embodiment the opposite surfaces of the load 5 ^^^^^jj^^ moie efficient than prior art methods of manu- 
beam and the flexure or stiffencr enable die placement <tf ^^^^ enables the construction of load beams with no 
electrical conductors across any one of tiiese surfaces and limitations on the shapes of thek lateral edges. This enables 
also enable the placement of the conductors b^een the suspension to be constructed with second-order, 

attached interior surfaces. This improves the shieldii^rf^ non-linear curved edges that are much better than straight 
conductors fiomelectromagnelic noise mside the hard dnvc ^ ^ increasing the torsional resonaiK^ of the head 
and also reduces the possibility of damage to flic conductois gu^ension. 

during handling of the head suasion. ^ ^ exploded perspective view of a first 

BRIEF DESCRIPTION OF THE DRAWINGS embodiment of the ti^nsducex head suspemion 12 of fee 

j5 present invention constructed according to the method or me 

Further objects and features of the present mventioQ are invention. The head suspension is basically con^Trised of a 
set forfli in the following detailed description of the pre- load beam 14, a beam support base 16, a flexure 18, and a 
fened embodimenU of the invention and m the drawing slider 22. In the construction of FIG. 1, the bad beam 14 and 
figures wherein: flexure 18 make up flie two laminae that together produce 

HG. 1 is an exploded isometric view of a first embodi- 20 ^ lanunate construction of ttie head suspension, 
ment of the head suspension of the invention; The load beam 14 has a long^tudiiial length with opposite- 

FIG. 2 is an isometric view of the assembled head proximal Wand distal 2««ids and is coiist|^^ 
snsnension of FIG 1 stedorotherconvcntiDnaUy used materials. A pwHonof the 

' * . , . ^ • load beam a* acent its proximal end 24 is formed with a 

nG.3isa«oss-section^a i^ewoffl^^ ^^^4 28 and an adjacent spring region 32. 

a plane extendmg along the Ime 3-^ of HG. 2; Alfeough a partial etched Hough 32 is shown in the spring 

FIG. 4 is an exploded isomelric view of a further embodi- region, othar known methods of reducing the load beam 
meat of the bead suspension of the invention; spring rate in the spring r^ion may be employed such as full 

HG. 5 is an isometric view of the assembled head thic^ess or partial feickness wirxlows. The support and 
suspension of FIG. 4; 30 spring regions of the load beam have opposite lateral edges 

FIG. 6 is a partial cross-sectional view of the head 34, 36 that extend substantially parallel to each other. An 
suspension of FIG. 5 in a plane extending along the line apertme 38 is ftMmed in fee support region 28 of the load 
^—6 of FIG. 5; beam for attadiment of the beam support base 16 to fee load 

HG. 7 is an' exploded isometric view of a still furtb^ beam and attachm^it of the head suspension to an actuator 
embodunent of fee head suspension of the invention; 35 arm (not shown), as is conventional. In some apphcati^ of 
^^^TTT ^ . ^ ^ „ui^ u^A fee head suspension, the base plate 16 may not be needed. 

™- * ""^S^^T*^ view of fee assembled head opposite lateral edges of fee load beam feat ext«id 

suspension of FIG. 7; and longitudinally from fee spring region 32 to fee distal end 26 

HG. 9 is a partial cross-sectional view of fee head of the load beam are formed in a pairof bent rmls 42. 44. The 
suspension of FIG. 8 in a plane exiendhig ak)ng the Hne ^ ^ inustrative embodiment taper toward each ofeer 

9 — 9 of HG. 8. as feey extend from the load beam spring re^on 32 toward 

nisxAn vr, nROTRTPrrON of THE end 26. The load beam has an interior 

^^S^^^^XSto^ ^ ^^"^ region 32, fee pair of rails 

PREFERRED EMBODIMENTS 42, 44 and ttie beam distal end 26. The interior surface 46 

The head suspension of fee invention is described by 45 extends uninterrupted from the spring region 32 to fee beam 
referring to three variant embodiments of fee invention. distal end 26 except for a dimple 48 formed in fee surface. 
Each head suspen^on embodiment is basically a laminate a mass reducing ap^ture 52 and a pilot or tooling aperture 
constmcted of two laminae. In eadi embodiment, fee load 54, and a plurality of recessed cavities 56 formed in the 
beam serves as one of fee lamina, and eifeer a flexure or a interior surface of the beam The dimple 48 and apertures 52, 
stiffener serves as the ofeer lamina. In each of fee 50 54 are conventional However, the cavities 56 are formed into 
embodiments, fee lammae have mutually opposed interior fee interior surface of the load beam to remove material and 
surfaces and one or more cavities fomaed mto one or more feus reduce fee mass of fee load beam while also forming a 
of fee interior surfaces prior to the attachment of fee laminae part of fee monocoque construction of fee head su^ension 
togefeer and the enclosure of fee cavity between fee attached constructed according to fee method of tiie mvention to be 
laminae. Also, imetched areas may be left within the etched 55 explained. 

cavities forming weld islands in the cavities, or unetched in the preferred embodiment of the invention and accord- 
areas having a lattice or crisscrossed pattern may be left ing to fee preferred mefeod of the invention, fee cavities 56 
between etcdied cavities to provide stabilization and are ftMmed in fee load beam interior surface 46 by partial 
inmased torsional stil&iess and/or weld areas in fee etching, although other known mefeods of forming a cavity 
<^^sed interior surfaces. In this way, each embodiment of 50 in a beam surface may be employed. As an illustrating 
fee head suspen^n is fionned as a monocoque (Le. hoUow) example, hi fee embodiment of HG. 1, fee load beam 14 is 
structure. about 0.1 ^nrn tiuck. The cavities 56 are photoUfeographi- 

Monocoque construction is typically 9550caaied wife the cally etched into the load beam from its interior surface 46 
construction of ahcraft or xodoets. It is a mefeod of con- to a depfe of about 0.07 nun, forming a cavity side wall 58 
stniction hi which ti)e stressed outer skin of fee aircraft or 65 and a cavity recessed surface 62 for each cavity 56. The 
rocket carries all or a major portion of fee tcjrsianal or etching process leaves a remainuig material tiudmess 
bencfii^g stresses. Applying this princi^e to transducer bead between tiie cavity recessed surface 62 and the exterior head 
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suspension stsf ace 64 on ihe opposite side of the load beam Hie flexme 18 serves as tfae other lamina of the bead 
as viewed in FIG. 1 of 0.03 mm. It should be imderstood that suspension lawrfnatP. constnictioiL In the embodiment of 
these dimensions are illustrative only, and ^uld not be FIGS. 1-3, the fleKmie 18 can be any conventional flexure 
inteipreted as limiting. having interior 72 and exterior 74 surfaces extending lon- 
Tbe process of photolitfaograpbically partially etching is 5 gitudinaUy between its proximal end 76 and distal end 78, 
known in tfae ait Generally, the sheet of stainless steel from the interior surface being suffidently laxge to extend over the 
which the load beam 14 is constructed is coated on both load beam cavities 56. The flexure has a thickness of 0.03 
sides with a photoresist. The photoresist on both sides of the mm, although this dunension can vary and is used heiein as 
sheet is then exposed with a stencil pattern of the desiied an illustrative example. The flexure is constructed of stain- 
final sh^e of the load beam. £>uring this exposure step, only less steel or other conventionally used materials in flexures, 
the interior surface 46 of the load beam in which the cavities and has a longitudinal length between its proximal and distal 
are to be formed is exposed with the pattern of the cavities ends that enables it to extend from flie load beam spxing 
56. Following devebpment of the exposed sections of the region 32 at its proximal end to just beyond the load beam 
photoresist, both sides of thie sheet are then subjected to acid distal end 26 at the flexure distal end 78. The flexure has 
for a suf&cient period of time to permit the acid to dissolve lateral edges 82, 84 that generally follow tiie lateral edges 
away or etch a sufficient amount of the sheet material from fbm:ied by the load beam rails 42, 44 but are positioned 
each side to define die outline of the load beam. This results within the rails when the flexure is attached to die load beam 
in die material sunounding the peripheral edges of the load interior surface 46. A tooling aperture 86 is fbimed through 
beam being removed from the sheet with the load beam the flexure and is used in properly positioning the flexure 
having its desired peripheral configuration and mass relative to the load beam interk>r surface 46 when attaching 
reduction, tooling and support region apertures, and with tfae 20 the flexure to the load beam, as is conventionaL The flexure 
cavities 56 formed in the interior surface of the load beam. is shown with a tongue 88 fonned in a distal portion of tfae 
By adjusting the amount of tune the stainless steel in die flexure adjacent its distal end 78. The slider 22 that holds tfae 
regions wbeiie tfae cavities are Co be formed is exposed to die readAvrite head is attadied to the flexure tongue 88 by 
add, tfae depth of the cavities 56 may be adjusted. It should adhesives or by other known methods. The tongue 88 
also be apparent that the configuration of the cavities and die 25 gimbals about die load be^ dimple 48 when the flexme is 
number of cavities, as well as finmmg a cavity in tfae load attached to die load beam and tiieieby gimbals die readAvrite 
beam or the flexure interior surfaces to produce die mono- head. Hie configuration of die tongvc 88 shown in the 
coque structure of the head suq)cnsion may all be changed drawings is illustrative only and should not be interpreted as 
according to tfae medxod of die mventfon as will be explained limiting. It is mtended that die flexure employed widi ttiis 
in discussing later embodiments of die invention. Also, die 30 embodimait of the invention be adaptable to use any type of 
cavities may be formed in the load beam interior surface46 known gimbal design or method for gimballing die read/ 
leaving islands of unetched material widiin flic cavities ca- write head held by die flexure tongue 
leaving otiier mtemal support structures of mietched mat(^ rgs. 2 and 3 show the load beam 14, beam support base 

rial such as die X-shaped crossbrace left unetched in.HG. 1. 15, flexure 18 and slider 22 assembled togetiier in tfae head 

The crossbraces provide stabilization and increased tor- 35 su^nsionof die invention. When assembled, die load beam 

sional stiflfoess to die monocoque head suspension and, interior surface 46 is secured to die flexure intwior surface 

togediCT witii die unetched islands, provided areas for spot 72 completely enclosing die load beam cavities 56 and 

welds between die opposed interior surfaces of die load diereby forming die monocoque construction of die head 

beam and flexure or stiflfener. It is also preferable diat die su^nsion. Tfae flexure and load beam interior sntfeccB may 

cavity sidewalls be formed widi rounded coiners as opposed 40 be secured togedier by spot welds, as is conventional, or by 

to angled comeis. This contributes to die mcreased torsional adhesives or by any odier cquivalait mediod. Enmloyfaig 

resonance of die head suspension. structural adhesives to connect die flexure and load beam as 

Widi die cavity etched load beam constructed according opposed to welding provides die benefit of a more efficient 

to die method just described, die exterior surface 64 of die stnictnre because at any cross-section of die enclosed cavity 

load^beam opposite die interior surface 46 having die 45 die box structure is compl^ely enclosed, whereas when spot 

cavities 56 formed dierein may be a flat surface extending welds are used to join these lawiinaa, the cavity is only 

fixjm the beam distal end 26 longitudinally to die spring enclosed at the weld points. Cross-sections inbetween spot 

region 32 ofthe beam This flat exterior surface of die beam welds are not completeiy enclosed because diere is no 

is not interrupted by the formation of ttie cavities 56 and rfdielammae between die spot welds. As shown 

extends completely over die cavities. 50 in HG. 3. die monocoque constxuction of die head sospen- 

Tfae construction of die load beam support base 16 is for sion results in tfae bead suspenaoa havmg a conEq>letely 

the most part conventional and is not needed in aU ^lica- enclosed hallow interiosr volume 94 interposed b^een the 

tions of the head suspension of die invention, therefore it exterior surface 74 of die flexme and the exterior surface 64 

will not be discussed in detail Basically, tfae support base 16 of the load beam. Ifaese two exterior surfaces of die flexure 

has a periphery 66 typically configured to oonespond to the 5S and load beam extend loi^gitiidinaUy from die distal ends of 

configuration of die load beam proximal aid 24 and the die flexure 78 and load beam 26 to tfae flexure proximal «id 

portions of die load beam lateral edges 34, 36 on tfae 76 and the load beam spring xegi(m 32, respectively. Either 

opporate sides of die beam si^port region 28, all of whidi of diese surfaces provide an optimum environment for die 

are Q^cally configured to enable attachment of die proxi- use of electrical ocmductors etched alorig the surfaces and 

mal end of the head suspension to an actuator arm (not 60 communicating with the transducer faead. In addition, die 

shown). The support base is tyj^cally wdded to the load Interior surface of tfae lamina penDoit the routing of the 

beam and the center of the support base 16 is provided widi conductors between the two landnae as represented by the 

a swage base 68 that is inserted througfa the support region dashed line 96 in FIG. 2. Various types of known conductMS 

aperture 38 and used to connect die support base 16 to an may be employed. These iiK:lude printed ciicuit conductors, 

actuator ami (not shown). Odier mediods of attadimg the 65 flex circuit conductors, or other conductors formed directly 

support base 16 to the load beam. 14 known in the art may on the head suspension lamina by known mediods such as 

be employed. vapor deposition or photolithography. 
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The stiuchiral efficiency of the monocoque head suspen- is significantly shorter ftian that of the load beam as shovm 
sion construction is dependent on die thickness of the in HG. 5. When attached to the bad beam, the stiffenet 
flexure, fl>e depth of tfie partial etched cavities, the sh^ of proximal end 146 is spaced ton^tudimlly from ttie suppwt 
the fl«me. the shape of the partial etched cavities, the base 106 with the te.gth of the li«d beam between the 
thickness of the lo^ beam material, and the method in 5 support base and the f« 
^t^a ^ ti^ ^^„A T„ fh» reaon of the head suspedSMO. The stiffener may be attached 

which die flexviie is attached to die load beam. Jn die 1-^ or by other methods such as 

iflustrativc example given, U» head suspension uses a 0.1 w >"= j j . . •„ 

mmflnckloadbL...0.03mmthickfl«me,andapartial f^'''':t^^-'7°^ ^ ^ f^^L^ 

Sdheddeptoof^mm.lhesedimensionspK.videatotal dis^ end 148 typicaUy has a geaend rectangular confi^ 
Ssns^nsion dikkness of only 0.13 mm%rtach is well to f»>«n^d projects adjacent die ^a^ region 13ft rfto^ 
u^iM 9U9p«^uMvu iujvAuw» * *»j ^ ^ \)esm encasuns the tongne dimple. As the stiffener 

suited for very tight disk spacnng requncments. ^^^^ B^^^ J^^^ to tL distal region 152. 

In constructing the bead suspension with the monocoque opposite lateral edges 154, 156 typically follow the lateral 
structure described above, the advantages of higher shock ^ ^ 1^ As best seen in HG. 

and torsional resonance perfonnance associated with the ^ ^ dimension between tiie stiffener lateral edges 
monocoque construction are achieved without api^eciably ^ detomined to position those edges just inside the 

increasing the thidmess and/or mass of the head suspension. opposite lateral edges 134, 136 of the load beam. The 
Because the head suspension is basically comprised of two stiffener has opposite interior 158 and exterior 162 surfaces, 
lamina, its construction is more efficient than the construe- ^ ^ (oolii^ hole 164 passes throygh the stiffener and 
tionofprior art head suspensions that have stamped recesses its podtioncQiresponds to the position of the load beam pilot 
or several reinforcing folds in their load beams, resulting m 20 hole 144 to propedy position the stiffenerielative to the load 
a reduction in manufBctming expenses. beam. 

HGS. 4-6 show a furtiier embodiment of the head sus~ ^gi^ cavity 166 is etched into tiie stiffener inteiior 

pension of the invention similar to tiiat of HGS. 1-3. surface 15S in die same manner as that descaibed in the 
Because its construction is sinular. to the previously ^ previous embodiment The cavity 166 is defined by its 
described embodiment, it will not be described in as much sjdewall 168 tiiat extends inwardly into the stifl!ener from its 
detail as the previous embodiment interior surface 158 to the cavity recessed surface 172. 

The head suspension 102 of HGS. 4-6 also inclndes a Within tiie cavity, an area of the stiffener interior surface 158 
load beam 1<M, a support base 106 and a slid^ 108. sucrounifing the pilot bole 164 is left tmetched and forms an 
However, the load beam in this embodiment is constructed ^ island 174 or isolated projection within die cavity. This 
from a sheet of stainless steel having a lesser thickness than island 174 or projection witiiin the cavity forms an isolated 
that of the previously described embodiment, for example surface abng the center lon^tudinal axes ci botti the load 
0.025 mm thidc This lowos tiie spring rate of the spring beam and &e stiffener where spot welds or other equivalent 
region in the load beam However, to reinfoice the longitu^ means could be used in attaching the stiffener intetioT 
dinal length of the load beam that cantilevers die slider 108 ^ surface 158 to the load beam interior surface 142. Also note 
and the transducer head, a stiffener lamina 112 is provided that forming the cavity 166 by partial etdiing enables 
in the head suspension construction. The stiffener has an leaving additional areas of unetched n^terial within the 
increased thickness from a typical flexure, for example cavity 166 or projecting from the cavity sidewall 168. such 
0.075 mm. Therefore, the load beam 1©4 and s ti ffe n er 112 35 the projection 176, for tiie placonent of additional spot 
comprise the two laminae of the head suspension's laminate welds where needed. Additional ^t welds, adhesives, or 
construction. other equivalent methods of attachment can be used in the 

The load beam has a longitudinal length with a proximal area of the load beam 104 interior surface 158 surrounding 
end 114 and opposite distal end 116. The load beam has a tiie cavity in attaching the stiffener interior surface to the 
support re^on 118 adjacent its proximal end 114, The load beam interior surface as shown in FIGS. 5 and 6. 
support region has opposite lateral edge portions 122, 124 ^ Furthermore, additional projections could be positioned in 
typically configured and dimensioned to coincide with die the cavities symmetric widi the center longitiKtinal axis of 
oj^osite lateral edges 126. 128 of the load beam support the head suspension to provide additional a tta c hm e n t points 
base 106. The support base 106 is attached to the load beam in the cavities. 

just as in the i^vious embodiment Because the load beam The structural efficiency of this embodiment of the mono- 
is constructed of a tiiinner sheet of material, it has more 5Q coque head suspension is dependent upon the thickness of 
flexibility, enabling a gimbal region 130 to be formed the stiffener 112, the depth of the partial etched cavity 166, 
adjacent the beam distal end 1160 The gimbal region has a the shape of the stiffener, the ^tape of the partial etohed 
tongue 132 that supports the slider 108 on <me side and has cavity, the thickness of die load beam 104, and the method 
a dhnple on its opposite side that engages the stiffener. Just of stiffener attachment to the load beam. The example given 
as in the previous embodiment, the shown gimbal region is ^3 uses a 0.025 mm inch thick load beam, a 0.075 mm thick 
illustrative only and could be shaped diffeientiy to make use stiffener, and a partial etched depth of 0.051 mm. These 
of odier ^mbd designs on the load beam. dimensions provide a total load beam thickness of only 0.1 

As the load beam 104 extends longitndinally from its mm and are well suited for very tight disk spadng require- 
support region 118 to the gimbal region 130, portions of its ments 

opposite lateral edges 134, 136 typically taper linearly 50 A still further embodiment of the head suspension is 
toward each odier. Note that the lateral edges 134, 136 do shown in FIGS. 7-9. Iliis embodiment of the head su^en- 
not have bent rails for added rigidity as in the previous $ion is substantially identical to that of FIGS. 4-6 and some 
emboctiment Rails may not be necessaiy due to the rein- of die same reference numerals used in describing the 
foioement provided by the stiffener. A pilot or toolmg embodiment of FIGS. 4-6 are used in FIGS. 7-9 followed 
aperture 144 passes through die load beam. 65 by a prime f). The embodiment of FIGS. 7-9 differs from 

The stiffener lamina m has opposite proximal 146 and diatof HGS. 4-^ in diat two cavities 166* are formed in die 
distal 148 ends and a longitiidinal length dierebetween diat ulterior surface of the stiffener and two adAtional cavities 
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182, 184 are formed in the interior suifiBce of the load beam 
104' opposing the cavities 166' formed in tibe stiffener 
interior surface 158*. Also, both the load beam 104' lateral 
edges 134', 136' and the stiffen^- lateral edges 154*. 156' 
curve as they extend longitudinally Coward the load beam 
distal end 116* and stiffener distal end 148*. Ibis embodi- 
ment illustrates a fuith^ method of forming the monocoque 
construction of the bead suspension, and also illustrates the 
flexibility in manufacturing the monocoque construction of 
the bsad suspension 

The presently known methods of manufacturing mono- 
coque load beams involve forming bends in the load beams. 
and/or stiffeners to produce the spacing between the load 
beam and stiffener surfaces that Ibrms the monocoque 
construction. The straight edges formed by the bends often 
have a tendency to reduce the torsional resonance of the 
head suspension. In constructing the monocoque head sus- 
pension of the invention according to the metiiod of the 
invention, it is not necessary that the opposite lateral side 
edges of the head suspension be straight edges and the lateral 
edges may curve as shown in FIGS. 7-9. The monocoque 20 
head suspension of all of the embodiments of the invention 
have no limitations placed on their opposite lateral edges 
and it is possible to provide the opposite lateral edges with 
their optimal curved configurations including compound 
curves and edges with both curved and linear portions. In 25 
addition, prior art monocoque constructions formed from 
bent stiffeners require welding outside their formed edges. 
This requires extra material (and its associated mass) to be 
located at the opposite lateral sides of the monocoque region 
of prior art head suspensions at an increased distance from 
the longimdinal axis of the load beam. This extra material 
and its mass adds very little additional tc^sional stiffness to 
the head suspension because it must be formed fiat for 
weldix^, but contributes significantly to the longitudinal 
polar moment of inertia of a head suspension. These effects 35 
combine to lower the torsional resonance of the prior ait 
formed monocoque head suspension. The partial etched 
monocoque head suspension of the invention has the advan- 
tage of allowing welding locations anywhere on the fiexure 
or stiffener including leaving a projection of unetched mate- 40 
rial within the etched cavities formed in the load beam or 
stiffener at their longitudinal axes to position the welds on 
these axes. Because this amount of added mass of the 
projections is the minimum required for welding, the effect 
on the torsional resonance and shock of a head suspension 45 

is TniTiimi7-.pd , 

Each of the described embodiments of tiie invention 
provide a head suspension having increased stifi&iess over 
prior art head suspension of comparable mass. Tlie mono- 
coque constmction also provides the advantages of higher so 
shock and torsional resonance performance &an currently 
available in prior art head suspension constructi<ms. Its 
construction is more simplified, efficient and less expensive 
than many prior art manufacturing methods and the flat 
surfaces provided an the opposite sides of the head suspen- 
sion f&dlitate the placement of electrical conductors com- 
municating with the transducer heads supported by. the 
assemblies. 

While the present invention has been described by refer- 
ence to a specific embodiment, it should be anderstood that 60 
modifications and variaticHis of the invention may be con- 
structed without departing from, the scope of the invention 
defined in the following claims. 

What is claimed is: 

1. A method of manufacturing a head suspension tor 6S 
supporting a read/write head adjacent a data storage device, 
the method of mannfacturing comprising the steps of: 
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forming a load beam from a sheet of flat, resilient material 
with the load beam having a longitudinal length with 
opposite proximal and distal ends and c^posite first and 
second smfaces; 

forming a lamina fhmi a sheet of flat, resiHect material 
with the lamina having a longitudinal length with 
opposite proximal and distal ends and opposite first and 
second surfaces; 

fozming a cavity into the first sxafyce of one of the load 
beam and lamina with the cavity extending into the one 
of the load beam and lamina a distance that is less than 
a thickness of the one of the load beam and lamina into 
which the cavity is formed; 

attaching the load beam first suiface to the lamina first 
surface enclosing the cavity and tiuxeby givmg the 
bead suspension a monocoque constmction wifli a 
hollow interior volume inside die head suspensian. 

2. The method of daim 1, fuitiier comprising: 
forming the load beam with opposite lateral edges having 

at least portions that curve as they extend longitudinally 
along the length of the load beam. 

3. The method of claim 2, further comprising: 
fbnning the lamina with opposite lateral edges having at 

least portions fliat curve as they extend longitudinally 
along the length of the lamina; and 
positioning the lamina relative to the load beam when the 
lamina is attached to the bad beam so that the curved 
portions of the load beam lateral edges coincide with 
the curved portions of tlie lamina lateral edges. 

4. The method of claim 1, further comprising: 
forming the cavity into th& first surface of the load beam 

and providing a gimbal on the lamina adjacent the 
distal end of the lamina. 

5. Hie method of claim 1, further comprising: 
fomung the cavity into flie first surface of the load beam 

and providing a.gimbal on flie load beam adjacoit the 
distal end of die load beam. 

6. The method of claim 1, further comprising: 
fomung the cavity mto die first suriace of die lamina and 

piovidiDg a gimbal on the load beam acSacent the distal 
end of the load beam. 

7. The method of claim 1, further ccm^rising: 
forming the cavity into the first surface of the load beam 

and forming a second like cavity into the first suiface 
of the lamina, and positioning the cavity and the seccmd 
cavity in mutually opposed relation when attaching die 
load beam first surface to the lamina first surface. 

8. The method of claim 1, further cco^irising: 
positioning a plurality of electrical conductors extending 

longitudinally between the first surfaces of the load 
beam and the lamina prior to attaching the load beam 
first surfoce to die lamina first surface. 

9. Hie method of claim 1, further comprising: 
providing a projection in the cavity when fonning the 

cavity widi the projection extending outwaidly from 
the cavity to a plane of die projection diat is ooplanar 
with the first sucfoce of the one of the load beam and 
lamina into which the cavity is fbnned, and attaching 
the plane of tbe projection to die first surface of die 
other of tbe load beam and lamina when attaching the 
load, beam first suxfece to tbe lamina first suiface. 
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